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Introduction {#S0001}
============

JC virus is a double stranded circular DNA virus which belongs to the Polyomaviridae family. Members of this family are small non-enveloped viruses, which infect a wide range of hosts ([@CIT0001]). Other members of this family including BK virus and Simian Vacuolating virus 40 (SV40 virus) are well known for their role in kidney allograft infection and tumorogenetic properties, respectively ([@CIT0002], [@CIT0003]). JC is the initials of a patient\'s name with progressive multifocal leukoencephalopathy (PML); this virus was extracted from its brain in 1971 ([@CIT0004]). Transmission routes of this virus are not completely understood, but since this virus has been detected in untreated sewage, the fecal-oral route is probably the main route of transmission ([@CIT0005]).

After primary infection in tonsils, this virus establishes a latent infection- which persists lifetime- in epithelium cells of kidney ([@CIT0006]). In case of immune suppression, for example in AIDS patients or those who undergo organ transplantation, this virus reactivates and causes PML, which in 20 to 50 percent of patients is lethal in the first three months of diagnosis ([@CIT0007]). Whether the virus in PML patients came from kidney or virus is dormant in CNS is still unclear.

There are some evidences that this virus has roles in some forms of cancer in human. It is speculated that it is responsible for some forms of brain cancer ([@CIT0008]), colorectal cancer ([@CIT0009], [@CIT0010]) and gastric cancer ([@CIT0011]). This virus encodes a protein transforming antigen (T-Ag), which virus tumorogenicity is ascribed to this protein. It has been shown in Enam study that JCV T-antigen interacts with beta-Catenin which deregulates the Wnt signaling pathway in the tumor cells. This in turn, enhances the transcription from c-myc promoter. This paves the way for tumorogenesis of this virus ([@CIT0010]).

In recent years there have been many studies, which investigated the relationship between the oncogenic viruses like JC virus and gastrointestinal tumors in humans ([@CIT0012], [@CIT0013]). These studies suggest that JC virus has a role in esophageal cancer ([@CIT0014]). A recent study by Shin and colleagues demonstrated the expression of the oncogenic JC virus protein T-Ag in a subset of gastric cancer cases ([@CIT0015]). These findings were confirmed by Murai and his colleagues ([@CIT0016]). As stated before this virus upregulate the beta-Catenin protein in cancerous cells in colorectal patients ([@CIT0010]). This has been reported by other researchers as well ([@CIT0017], [@CIT0018]).

The infection with this virus occurs before adulthood and high percentage of the population are positive by the age of 18 ([@CIT0019]). Antibody against this virus has been found in different parts of the world from Europe to south Pacific Islands and from North America to remote parts of Brazil ([@CIT0020]). The prevalence rate of this virus is diverse in different countries and populations. The rate varies from 44 to 77 percent in USA and England to 85 to 97 percent in Brazil and Japan ([@CIT0021]). In Iran, a study was performed in AIDS patients by Behbahani and colleagues to evaluate the JC virus. They reported that excretion of JC virus in urine is not related to HIV infection ([@CIT0022]).

There is scarce information about prevalence of this virus in general population in Iran. The aim of this study was to determine the infection rate of JC virus in adult healthy individuals who had attended Fajr hospital and Farjam clinical laboratory.

Patients and Methods {#S0002}
====================

Sample collection: 133 samples of urine from healthy individuals (excluding criteria were Progressive Multifocal Leukoencephalopathy (PML), cancer and chronic kidney infection), who were above 18 years old and attended the Fajr hospital and Farjam clinical laboratory for annual checkup from June to October 2010. These samples were kept in -20 degree Celsius until the DNA extraction.

DNA extraction from urine: Extraction was performed according to Agostini and colleagues method ([@CIT0023]). In the first phase urine samples were concentrated through centrifuging. Then the extraction was performed by using the QIAamp viral RNA kit (QIAGEN, Germany). All the stages were performed according to the kit manual. The extracted DNA was kept in -20 degree Celsius until PCR test.

PCR: Since the viral load in urine samples was low, we utilized two separate amplification processes. In the first PCR, we used Ryschkewitsch method for amplification, which produced a 215 bp fragment. PCR\'s details has been described somewhere else ([@CIT0024]). We used the generunner program for designing the primers who were targeted for VP1 gene. The second PCR\'s product length was 1110 bp. 5 micro liters of extracted DNA used as the template, other materials included: 1X PCR buffer, MgCl2 1.5mM, 0.2 mM of dNTPs, 10 pM of primers, 2 Units of Taq DNA polymerase. The sequence of primers is listed in the [Table 1](#T0001){ref-type="table"}.

###### 

Primer sequence

  ------------------------------------- ------
  Forward                               60°C
   5'-AGC AAT CAA AGC AAT AGC AATC-3'   
  Reverse                               
   5'-CAG CCT CAG AAA CAG TAG CAAC-3'   
  ------------------------------------- ------

The PCR conditions were as follow: 95°C for 4 min, 35 cycles of 95°C for 45 sec, annealing for 1 min at 60°C, extension for 1 min at 72°C and a final extension step at 72°C for 10 min. The PCR products were visualized by electrophoresis on 1% agarose gel. The bands were visible under UV illuminator. The products of these PCR are shown in [Figure 1](#F0001){ref-type="fig"}.

![Panel a: product of R1 reaction, Panel b: the product of JLP. M DNA molecular weight marker (gene ruler DNA ladder 100 bp, Fermentas, Latvia)](GHFBB-5-084-g001){#F0001}

The results of tests and the demographics of patients were entered in SPSS 19.0 program and were analyzed. Pearson\'s chi square was used for analyzing the independence of discrete variables and Mann-Whitney test was used for analyzing the non-discrete variables. Continuous variables are represented here as mean± standard deviation and other parameters as frequency and percentage. P-value of 0.05 or less was considered statistically significant and all reported p-values were two sided.

Results {#S0003}
=======

Total number of 133 urine samples from healthy individuals was investigated in this study. Mean age of the studied population was 42.2±13.5. Seventy one subjects (53.3%) were male with age range from 20 to 83 years, and sixty two subjects (46.7%) were female with age range of 20 to 84 years old. Mean age of females was 44.8±14.5 and the mean age of males was 41.7±12.3. There was no significant difference in two sexes in regards to age (p= 0.18).

Fifty one subjects (38.3%) were positive for JC virus presence and 70 subjects (52.6%) were negative. Both PCR tests confirmed these results. From 51 positive subjects, 31 (60.8%) individuals were male and 20 (39.2%) were female. While 29.9% of women were positive in regards to presence of JC virus, 47 percent of male subjects were positive. There was a statistically significant difference between two sexes in regards to their positivity condition (p = 0.04). Male subjects have higher chance of infection in comparison to female subjects (OR = 2.08: 95%CI = 1.02-4.24).

Mean age of JC virus positive subjects was 44.6±13, whereas the mean age of negative subjects was 42.4±13.4. The difference between the mean age of these two groups was not statistically significant (p = 0.3). After dividing these subjects in three groups according to their age ([Table 1](#T0001){ref-type="table"}), we observed that in the younger subjects the prevalence rate was lower 36.5% compare to older subjects 52.6%. There was no significant differences in these three age groups in regards to JC virus positivity (p = 0.67).

###### 

JC virus prevalence according to age groups[\*](#TF0001){ref-type="table-fn"}

  Age groups (years)   Subjects                                     JC virus positive
  -------------------- -------------------------------------------- -------------------
  \<40                 63 (47.4)[†](#TF0002){ref-type="table-fn"}   23 (36.5)
  40-60                51 (38.3)                                    18 (35.3)
  \>60                 19 (14.3)                                    10 (52.6)
  Total                133 (100)                                    51 (100)

p= 0.67

Number (percent)

Discussion {#S0004}
==========

This study shows that the rate of JC virus presence among healthy individuals in Tehran is moderate. This virus is mostly attributed to PML and other diseases in immune-compromised individuals like AIDS patients and patients who had bone marrow or kidney transplants. However this virus is shed in normal healthy individuals in their urine, too. In a study performed by Sundsfjord and colleagues, researchers found out that in 20 percent of healthy control individuals JC virus will shed through urine (viruria) ([@CIT0025]). In another study performed in Italy, Pagani and colleagues found out that the 46% of healthy individuals have viruria ([@CIT0026]). In a study performed by Behbahani and colleagues in Shiraz, Iran, researchers observed that 33 percent of healthy individuals had JC virus, while in this rate in HIV positive patients was 82.5% ([@CIT0022])

We observed in this study that men had higher JC positive cases than women- 47% compare to 29.9%, respectively. Gender has a significant relationship in regards to JC virus presence status (p= 0.042). Men had two fold risk of viruria compare to women subjects (OR= 2.081 CI= 1.021-4.244). This observation is in accordance with other studies in different parts of the world ([@CIT0026]--[@CIT0029]). The reason for this observation is not clear, but some researchers have attributed it to the physiological differences between male and female subjects.

We did not find a statistically significant relationship between age and JC virus presence status. This is in contradiction with results obtained in Rodrigues ([@CIT0023], [@CIT0027], [@CIT0029]). However we observed that the rate of JC virus positivity was higher in older subjects compare to younger individuals. The reason that we did not saw the significant relationship might be ascribed to the differences between Iranian population and those mentioned above. These researchers ascribed the significant relation between age and JC virus to demising the immune system of subjects.

As mentioned earlier in this discussion, there is a difference in the rate of JC virus among different population. Obtained rate of JC virus prevalence in this study was 38.3%, which is in accordance with prevalence rate reported from India 42% ([@CIT0030]) and Philippine 47% ([@CIT0031]) and is much lower from china 62-80% ([@CIT0030]) and higher than Korea 20% ([@CIT0029]). The rate of JC virus prevalence is also diverse in Europe. The reported rates include: Portugal 23.9% ([@CIT0027]), Ireland 20.7% ([@CIT0032]), Italy 40.2% and Spain 41.2% ([@CIT0034]). The rate of JC virus excretion reported in a study in America is 41.2% ([@CIT0028]), which is also in accordance with our findings.

Since the AIDS incidence in Iran is increasing and PML is one cause of mortality among AIDS patients, further studies about prevalence of this virus in other cities of Iran is of great importance. In addition, this virus is a candidate in etiology of some forms of cancers, like colorectal cancer and gastric cancer. These facts highlight the need for public health officials to investigate more deeply the presence of this virus in Iranian population and also its causal relationship with different diseases.

Gastrointestinal cancers and especially gastric and colorectal cancers are among the most important cancers with high incidence in Iranian population ([@CIT0035]). Currently the infectious agents are in the center of researchers' attention, because we can prevent some of them and with a simple test diagnose them and in some cases cure them. The JC virus is one of ubiquitous pathogens which almost half of the world population is infected with it. This virus has carcinogenic characteristics have been proved in recent years ([@CIT0012], [@CIT0013]). The role of this virus in esophageal, gastric and colorectal cancers has been shown to the world ([@CIT0010], [@CIT0014], [@CIT0015]). This observation necessitates the more extended study on the prevalence of this virus and also its relation with gastrointestinal cancers in Iranian population.
